Building-integrated photovoltaic (BIPV) panels are generally expected to operate for over 25 years 13 to be viewed as an economically viable technology. Overheating is known to be one of the major deficiencies 14 in reaching the targeted lifespan goals. Alongside the thermal degradation, the operational efficiency of the 15 silicon-based solar panel drops when the surface temperature exceeds certain thresholds close to 25℃.
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Wind-driven cooling, therefore, is widely recommended to decrease the surface temperature of PV panels 17 using cavity cooling through their rear surfaces. Wind-driven flow can predominantly contribute to cavity 18 cooling if a suitable design for the installation of the BIPV systems is considered. 
24
The CFD model is comprehensively validated against a particle velocimetry and a thermography study by 25 (Mirzaei, et al., 2014) and (Mirzaei & Carmeliet, 2013b ). The velocity field shows a very good agreement with 26 the experimental results while the average surface temperature has a 6.0% discrepancy in comparison with 27 the thermography study. Unlike the former correlations, the coefficients are not constant numbers in the 28 newly proposed correlation, but depend on the airflow velocity. 29
INTRODUCTION 34
The utilization of photovoltaics (PV) has been continuously growing within the power sector and 
43
The electrical performance of a solar power panel can be predicted from a linear expression with 44 known reference data measured at standard testing conditions (STC) -where solar radiation is 1000 2 ⁄ 45 at ambient temperature, = 25°C. However, the efficiency of the silicon-based PV panels, as the dominant 46 type of photovoltaic technology in the market, drops inversely with increasing cell temperature, also known as operating temperature. The decline ratio is addressed in many studies and is most likely to vary from 0.1 48 to 0. 5%/°C (Skoplaki & Palyvos, 2009 ). This indicates that cooling is becoming an essential technique to 49 maintain the BIPV electrical performance, especially in hotter climates.
50
A variety of strategies has been proposed to enhance heat removal from solar cells, including the 51 circulation of water flow through the BIPV's front surface, utilization of hybrid systems with thermal 52 collectors, and using forced ventilation through the cavity (Krauter, 2004; Enteria & Akbarzadeh, 2013 to remedy the lack of convection at the rear side. Skoplaki and Palyvos (2009) As it can be seen in Fig. 1 , the computational domain is stretched with 5H and 15H toward the 7 | Page upstream and downstream directions of the building, H being the height of the building prototype and equal 162 to 0.58m. This is in alignment with the recommendations of the best practice rules in COST (Franke & 163 Baklanov, 2007) and AIJ (Tominaga, et al., 2008) . To minimize the computational cost, a hybrid mesh was 164 generated around the building prototype (Mirzaei & Zhang, 2015) . Fine near-wall cells were employed to 165 obtain a high resolution result inside the boundary layer while the outer region was covered by a coarser 166 structured grid. The buffer layer was filled by unstructured grids as can be seen in Fig. 2a . As depicted in Fig.   167 2b, two virtual boundaries were created at the inner and outer surfaces of the buffer layer to match the 168 hexahedral and tetrahedral nodes; this procedure was a challenging part in the development of the hybrid 169 mesh. The mesh was dense at the solid boundary with first layer size of 0.0025m and then became gradually 170 coarser toward the outer layer with an inflation ratio of 1.2. The object region, including the near-wall and 171 buffer layers, was assessed to achieve a high agreement with the experimental measurements.
172
A CFD simulation was conducted in this study using ANSYS FLUENT 15.0 while Reynolds Averaged 
182
where is a constant, k is the turbulence kinetic energy and is the dissipation rate of k.
183
A wide range of variation in RANS models, including Standard (Sk-ε), Realized (Rk-ε) and 184 Renormalization-group k-ε (RNGk-ε), were tested in this study and it was found that the Sk-ε model shows a 202 where h and p are sensible enthalpy and pressure of the ideal gas, respectively.
203
Treatments of the boundaries are further described in Table 1 this study with combination of first and second order discretization schemes for different equations (Table   226 1). The wall-enhanced treatment was utilized on walls with average y+ for the solid boundaries inside the 227 object region obtained to be below 7.5.
228
The 
236
The effect of upstream velocity magnitude and solar radiation on the convective heat removal from 237 both surfaces of the BIPV panel was studied using the Nusselt number as defined below:
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where h is the convective heat transfer coefficient, x is the distance from the edge of the PV, K is the thermal 240 conductivity of air, and Pr is the Prandtl number. As the value of Pr for airflow remains fairly stable, it was 241 assumed to be equal to 0.71 in the experimental conditions. 242
RESULTS AND DISCUSSION 243

Validation of the velocity field 244
The comparison of velocity normalized by the inlet velocity at the selected points of The average error of the velocity field for non-isothermal scenarios is about 13.2% in the cavity, 7.2% in the The reliability of the CFD model in predicting the thermal field is investigated in this section using the 288 mean surface temperature and the temperature patterns of the various scenarios in the presence of the 289 radiation intensity generated by the solar simulator. As it can be seen in Fig. 7Fig. 7, accurate models such as LES is preferable to enhance the TKE prediction, the computational cost will 339 drastically increase, which again justifies the utilization of the k-ε turbulence model in this study (Franke & 366 Table 4 . The quality of the fitted correlations is evaluated using adjusted R-square, which is 388 obtained to be above 0.99 and highly acceptable. The calculated Nu versus Re for different scenarios are also 389 illustrated in Fig. 11 .
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These new correlations are also compared to the correlations of 
